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HUMAN  FACTORS  AND  LIFE  CYCLE  COST  ANALYSIS: 
CONCEPT,  PROCESS,  AND  APPLICATIONS 


Life  Cycle  Cost  Analysis  (LCCA)  is  a  technique  used  in 
resource  allocation  decisions.  It  calls  for  the  explicit 
treatment  of  all  relevant  costs  incurred  over  the  life  of  the 
item  or  capability  under  consideration.  These  costs,  or 
selected  cost  increments,  when  coupled  with  an  appropriate 
effectiveness  measure,  are  the  fundamental  components  of  LCCA. 

The  LCCA  approach  provides  a  systematic  treatment  of  the  full 
set  of  relevant  costs  when  considering  the  development, 
production,  and  ownership  of  a  product.  Analysts,  engineers, 
managers  in  government  and  industry  concerned  with  system 
procurement,  production,  operations  and  support,  and  program 
management  are  finding  it  necessary  to  utilize  the  LCCA  concept 
and  technique  in  their  work. 

The  principal  objectives  of  this  course  are  to  provide 
the  participants  with  a  working  knowledge  of: 

(a)  Life  cycle  cost  analysis 

(b)  A  rationale  for  human  factors  considerations  in  systems 
development  with  specific  analyses  of  human  factors 
principal  products  at  the  major  development  milestones, 
and  other  system  specific  efforts  and  technological 
base  issues 

(c)  A  multi-step  impact  assessment  framework  for  formally 
measuring  and  relating  human  factors  contributions  to 
military  systems  life  cycle  cost  management,  capability 
and  compatibility. 

Specific  topics  to  be  discussed  include:  human  factors 
considerations  in  military  systems  development,  the  basic 
concept  and  theory  of  LCCA,  the  decision  and  application  setting 
in  government  and  industry,  LCCA  methodology  and  fundamental 
considerations,  the  cost  modeling  and  estimating  process, 
selected  case  examples  of  the  application  of  LCCA,  and  a 
workshop  demonstrating  human  factors  and  system  life  cycle 
cost  design  trade-offs. 


SUB-SET  #1 

REVIEW  OF  HUMAN  FACTORS  CONTRIBUTIONS 
DURING  THE  SYSTEM  DEVELOPMENT  PHASE 


(Note:  The  structure  of  the  procurement  process 
as  presented  predates  the  Carlucci  initiative  but 
the  basic  logic  of  the  sequence  remains  valid.) 


corr 

ymtPtCTED, 


Accession  For 

NTT S*  GRA4I 
DUO  TAB 
Ui.  -mnottooed 

lc«tion_ 


V  j  atribwtiar:/ 
Availability  Dor  p» 
jAvail  and/ ;r 
Dist  j  Special 


A  basic  proposition  of  this  course  is  that,  in  the  context 


of  military  systems,  both  cost  and  effectiveness  are  strongly 
linked  to  human  factors.  More  specifically,  design  decisions 
that  neglect  the  human  factors  implications  are  likely  to  be 
decisions  that  contain  hidden  consequences  in  the  matter  of  costs 
as  well  as  in  the  matter  of  performance  effectiveness.  It  is 
not  just  that,  for  example,  a  determination  of  crew  size  and 
composition  can  serve  to  drive  cost  outcomes  but  that  a  decision 
about  the  physical  location  of  an  electronic  sub-assembly  that 
does  not  take  into  account  accessibility  can  have  long-run  cost 
implications  because  of  that  neglect. . 


In  this  course  we  will: 

o  present  useful  principles  and  guidelines  for  the 

analysis  of  human  factors  impacts  on  military  system 
life  cycle  costs 

When  to  use  Life  Cycle  Cost  Analysis  (LCCA) 

-  Who  should  use  LCCA 

o  provide  a  basic  methodology  for  LCCA 

-  What  the  LCCA  process  is 

o  review  and  illustrate  useful  techniques  to  estimate 
costs  in  the  context  of  LCCA 

-  How  to  estimate  LCC 


Topical  Outline  and  Course  Schedule 


I .  Introduction 

1.  Course  Focus  and  Objectives 

2.  Human  Factors,  Manpower,  Personnel  and  Training  Issues 

II.  Life  Cycle  Cost  Analysis  (LCCA) :  Why,  What,  and  How 

3.  Background  and  Theory 

4.  Methodology:  LCCA  Framework 

III.  Life  Cycle  Cost  Analysis:  Important  Considerations 

5.  Cost  Estimating  Techniques  and  Effectiveness  Measures 

6.  Factors  That  Drive  Cost  and  Effectiveness 

7.  Cost  Risk/Uncertainty  Analysis 

8.  Adjusting  Cost  Estimates 

IV.  Selected  Topics  and  Applications 

9.  Economic  Analysis:  Present  Value  and  Breakeven  Analysi 

10.  Improving  the  System  Design 

10.1  Design- to-Cost 

10.2  Subsystem  Tradeoffs 

V.  Workshop 

11.  Introduction  to  the  Defense  Material  System  Life 
Cycle  Cost  Model 

12.  Selected  Army  Systems  LCC  Analyses 


Specific  Human  Factors  Efforts  and  Products  for  Each  Military  System  Development  Phase 
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SPECIFIC  HUMAN  FACTORS  EFFORTS  AND  PRODUCTS  FOR 
EACH  MILITARY  SYSTEM  DEVELOPMENT  PHASE 
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Specific  Human  Factors  Efforts  and  Products  for  Each  Military  System  Development  Phase 
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interface  design 
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RECOMMENDATION 


RECONSIDER 
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DETAILED  MAN-MACHINE 
INTERFACE  DESIGN  VALIDATED 


MILESTONE  3 


SYSTEM 

DESIGN 


OVERVIEW  OF  APPROACH 


THE  EXISTING  BASIS  FOR  HUMAN  FACTORS 


PRINCIPAL  HUMAN  FACTORS  PRODUCTS  FOR 
MAJOR  SYSTEM  DEVELOPMENT  PHASES 


•  CONTROL -DISPLAY  COMPATIBILITY 

•  WORK  SPACE  LAYOUT 

•  OPTIMUM  ENVIRONMENT  GIVEN  OPERATIONAL 
CONDITIONS 


DEGREE  OF  FUNCTIONS  ALLOCATIONS 
TO  MAN  AND  MACHINE 


OPERATOR  OPERATOR 


HIERARCHICAL  RELATIONSHIP  OF  IMPACT  AREAS, 
METRICS,  AND  EMPIRICAL  MEASURES 


MEASUREMENT  OF  HUMAN  FACTORS 
CONTRIBUTION  TRIAD  OF  CRITERIA 
OR  IMPACT  AREAS 


•  Physical 

•  Physiological 
a  Psychological 

—  Behavioral 
-  Attitudinal 


RELATIONSHIP  OF  HUMAN  FACTORS  ENGINEERING  TO 


INVESTMENT  COSTS  VS  OUTCOME  SAVINGS 


IMPACT  SPACE:  LINKS  BETWEEN  HUMAN  FACTORS 

AND  SYSTEM  ENGINEERING 


SPECIFIC  RELATIONSHIP  BETWEEN 
HUMAN  FACTORS  AND  LCCA 
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trade-off  techniques,  etc. 


THE  GENERAL  CONCEPT  OF  LIFE  CYCLE  COST  ANALYSIS 


WHY  IS  LCCA  IMPORTANT  FOR  MANAGERS  IN  BOTH  GOVERNMENT  AND  INDUSTRY? 


SIGNIFICANCE  OF  OPERATING  AND  SUPPORT  (O&S)  COSTS 
(UNADJUSTED  -  BASE  YEAR  CONSTANT  DOLLARS) 


(Defense  Systems) 


TYPICAL  LCCA  COST  CATEGORIES 


LIFE  CYCLE 


MILESTONES  AND  RELATED 
COMMITMENTS 


PROGRAM 

SELECTION  TIME  IN  YEARS 


MAJOR  SYSTEM  ACQUISITION  CYCLE 


CURCt;  OFPP  PAMPHLET  NO  1,  MAJOR  SYSTEM  ACQUISITIONS 


A- 109  FEDERAL  PROCUREMENT  POLICY 


REFERENCE  SECTION  FOR  COMPLETE  LIST) 


GET  VISIBILITY  OF  AND  TRACK  OPERATING  AND  SUPPORT  (O&S)  COSTS 


AIRCRAFT  PUMP  (F-14  AIRCRAFT) 


SAM-D  AIR  DEFENSE  SYSTEM  GENERAL  PURPOSE  5  TON  VEHICLE 

LIGHT  HELICOPTER  ASSAULT  SHIP  (LHA)  CAS  GUN  (GAU-8) 

CONUS  OVER  THE  HORIZON  RADAR  (A1A*L)  NAVY  PATROL  FRIGATE,  HYDROFOI 


ADPE  ACQUISITIONS  (7  DIFFERENT  PROG.)  PAVE  PAWS 


THE  DECISION  SETTING:  LCCA  OBJECTIVES 


SOURCE  SELECTION  INFORMATION 


THE  DECISION  SETTING:  LCCA  OBJECTIVES 

(CONTINUED) 


LCCA  -  PRINCIPAL  FORMULATION 


LIFE  CYCLE  COST  ANALYSIS 


OF  EFFECTIVENESS 
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TYPICAL  MEASURES  OF  EFFECTIVENESS 


LCCA:  TYPICAL  MEASURES  OF 
EFFECTIVENESS 


MEASURES  OF  EFFECTIVENESS 
HIERARCHICAL  STRUCTURE 

COMMUNICATION  EQUIPMENT  * 
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ASSUMES  THAT  THE  REQUIREMENT  EXCEEDS  THE 
OPERATIONAL  LIFE  OF  THE  TIRE. 


SOURCE:  DOD  ECONOMIC  ANALYSIS  HANDBOOK 


THE  LCC  ENVIRONMENT  AND  EQUIPMENT 


PRODUCTION 


THE  LCCA  ENVIRONMENT  AND  EQUIPMENT 

APPLICATION  SETTING 

(CONTINUED) 
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SINGLE  SYSTEM  VERSUS  MANY  SYSTEMS  AND 
SETTINGS 


THE  LCCA  ENVIRONMENT  AND  EQUIPMENT 

APPLICATION  SETTING 


USER  VERSUS  CONTRACTOR  CONTROL 


THE  LCCA  ENVIRONMENT  AND  EQUIPMENT 

APPLICATION  SETTING 

(CONTINUED) 


LCCA:  CONCEPTUAL  ROOTS 


BASIC  SYSTEMS  PROCESS 


EXAMPLE  OF  A  MILESTONE  I  SYSTEM  PROGRAM 
DEFINITION STATEMENT  (SPDS)  FOR  COftlBAT  VEHICLES" 


•  proposed  Tank  System  is  a  full  tracked  armored  combat  vehicle.  H  is  designed  to  satisfy  tho  0.  S.  Army  Mein  Battle  Tank 
guiremant  during  the  1910's  and  bayond  providing  improved  levels  of  protection,  increased  fire  power  and  mobility  over  tanks 
currently  in  the  0.  J.  Army  inventory. 

«  proposed  Tank  System  will  not  replace  any  existing  tank  family  per  se,  but  will  be  used  to  supplement  the  tank  inventory  and 
place  the  reference  tank  in  TOC  units.  The  reference  tank  will  continue  to  operate  in  the  U.  S.  Army  inventory  within  selected 
.  it,  TDA  and  TA  units. 

Alternative  tank  systems  for  evaluation  purposes  include  the  XYZ  Corporation  prototype  and  the  ABC  Corporation  prototype,  the 
fercnce  system  with  an  improved  fire  control  system  and  increased  hersepowe-  and  a  foreign  lank  developed  by  MPD 
srporatien. 


REFERENCE  SYSTEM 


PROPOSED  SYSTEM 


A.  MISSIONS 

1.  Primary 


1.  Secondary 


CHARACTERlSr.CS 
I.  General 


1. 


Configuration 
a.  Engine 


Make  It  Model 

Displacement 

Type 

Fuel 

Gross  Hcrejpow.tr 


To  provide  btttlefield  mobile  fire 
power  for  offensive  eomoet  com¬ 
mand  and  control 


To  provide  rapid  reaction  strategic 
battlefield  mobility  and  rtconnaix- 
aance 


Same 


Weight  (combat  loaded) 

104.000  lbs. 

110.000  lbs. 

Weight  (less  craw,  fuel 
and  combat  load) 

07.000  lbs. 

101.000  lbs. 

Unit  Ground  Preserve 

13.0 

13.7 

Crew 

D tmrui'OMi 

-1 

1 

Height 

120  ins. 

123  ins. 

Width 

144  ins. 

144  ins. 

Length 

306  ins. 

260  ins. 

Ground  Clearance 

11  ins. 

21  ins. 

Wheel  Travel 

Performance  Speed 

Speed 

10.1  ins. 

13  ins. 

Road 

3S  11PH 

43  MPH  Minimum 

30  MPH  Des.red 

Cross  Country 

10  MPH 

24  MPH 

Cruising  Rarge 

220  mi. 

300  mi.  Minimum 

330  mi.  Des.red 

Slope  Operation 

00% 

•0«b 

Trench 

105  ins. 

103  ins. 

Vertical  Wall 

30  ins. 

20  ins. 

fordability 

40  ins. 

<,,1S  G^V 

23.1  HP/Tcn  m  /(P 

Gross  KP  to  Weight  Ratio 

14.4  HP/Ton 

Continental  AVCS  1730-2 

1970  cubic  Inches 

10°  eir  cooled,  12  cyl,  4  cycle 

Diesel 

710  HP 


<tP 


Two  engine  candidates  are  available. 

(I)  A  VCR  13S0,  a  1500  KP  cierel  furled, 
air  cooled,  variable  conpr*ss:cn  ratio 
engine,  and  (2)  ACT  lioj,  •  1  WO  K? 
turoine  engine  with  recuperttcr.  The 
contractor  mey  select  c>-«  :!  there  cr 
any  other  angina  -vhico  meets  toe  reels. 


EXAMPLE  OF  A  MILESTONE  I  SYSTEM  PROGRAM 
DEFINITION  STATETTgj<T  (SPITS)  JTTciAl  VLHIi'-L&S  (Continued) 


RE-SREhCE  SYSTEM 


PRCPCSED  SYSTEM 


3.  Transmission 
Maxr  4  Model 


e.  Running  Gear 

Suspension  Typa 
Springing  Media 
Number  of  Wheels 
Track  Type 
Track  Width 

4  Electrical  System 

Generator 

Amperes 

Voltege 

Batteries 


Allison  GM.  CD  150-5  The  Allison  XX  13C0  is  available,  but 

will  require  adaption  to  either  engine 
candidate.  The  contractor  may  select 
it  or  any  other  transmission  which  meets 
the  needs. 


Return  Roller 
Torsion  Bar 
6  pairs  (each  side) 

Steel.  Double  Pin,  Detachable  Pack 
21  ins. 


The  contractors  are  to  design  the  running 
gear  to  meet  the  needs  of  their  svstem., 
within  other  specified  system  requirements. 


SOO  Amperes 
II  VDC 
6TN  (4  etch) 


The  contrectors  ere  to  design  the  electrical 
system  to  meet  the  needs  of  their  system, 
within  other  specified  system  requirements. 


«.  Armor 

See  classified  annex  to  this  document 


Armenent 


g.  Turret 

Traverse 

Elevation 

Stabilization 

Munitions  (stowed 

cn-boerd) 

See  c.'asrifi ad  annex 

h.  Fire  Control  System 
Kaijafinder 

Computer 

Telescope 

Periscope 

Elevation  Quod-ant 
Gunner  Quadrant 
Night  Vis. on  Sight 


L  Conmunicstion 
Radio 


Interphone 


ACQUISITION  POLICY 
1.  Design  to  Cost  Coal 


1.  Number  of  Tanks 

(normalized  to  j,312 
deployed  tanks) 

a.  Deployed 
S.  Training 
c.  Pipel.ne 


1-105  MM  Cun 
1-Cal.  30  MG,  M37 
1-Ca-  50  MG.  M3 
Crew  Weapon 


Continuous  380a 
-5°  -  35° 

Modification  "add-on"  availeoie 


this  document 


M17C 

Ballistic  M13A-1D 
V105C 

M27.  M24.  M 1 3 .  V31 
M 1 3  A 1 
M I A 1 
M2  6  £2 


ANA  SC-47  (1  set) 


AN/V7C-1.  with  4  control  boxes 


none  'unit  cost  5332K) 


2.467 

430 

215 


3or7 

’WHaoi 


avnrlvhl*  *•:  HTlC 

tally  louiLl*  ioprodt¥lW> 


1-105  MM  M58  Cun 
1-7.52  MM  Co.  Axial  MG 
1-7.62  M.M  Loaders  Wesson 
1-40  MM  HVCL  Cmdra.  Weapon 


Continuous  360° 
-10°  -  to3 

Fully  Stabilized 


A  single  integrated  system  to  ooe-ste  ’.re 
105MM  gun  whicn  allows  both  the  enm,  Ts_ndo.- 
and  the  gunner  to  eim  and  fire  the  -esocn. 
Co-ixial  weapon  is  sieved  to  the  mam  weapon. 
A  special  purpose  computer  is  rcquirec  ss 
an  integral  component  to  the  fire  ccm.-ol 
system.  The  computer  may  be  d.gitai  or 
anal  eg. 


One  half  of  the  fleet  to  be  equipped  with 
AN/VRC-12 

Contractor  to  select  appropriate  inte-com 
system,  with  4  control  bones. 


J5S3K  Firm  Commitment  for  average  unit 
price  (1575  dollars) 


The  same  deployed,  training  and  pipeline 
ratios  will  apply  for  the  propc»ec  :e-"<  system. 
Time  frame  for  deployment  of  the  ptepoved 
tank  system  is  baaed  on  the  foL:-irg  '.ndj-g 
schedule.  Production  follows  fond.-g  by 
12  months. 


FY  TJ  J0  II 

QTY  110  232  260 


17  >1  TOTAL 

363  320  3.312 


DEFINITION 


EXAMPLE  OF  A  MILESTONE  I  SYSTEM  PROGRAM 


REFERENCE  SYSTEM 


Contract  Commitme-.tj 
on  Support  Cost  Control 


PROPOSES  SYSTEM 

Contractor  to  establish  baseline  and  utilize 
LSAR  system  track  and  report  support  cost 
reduction  achievements.  Rlw  options  are 
available  cn  selected  components  and  repair 
parts. 


4.  Special  Considerations 
for  Multi  National 
Application 

Set  Mtin  Battle  Tank  Foreign  Application  Prepared  by  Department  of  Army. 

S  April  1974  ar.d  NATO  Agreement  on  Common  Components,  May  1975. 

DEPLOYMENT  SCHEDULE 

See  Man  Battle  Tank  Distribution.  Redistribution  Plan  (D)  Prepared  by  U.  S.  Army 
Tank  Automotive  Command  S  February  1977  Classified:  Confidential. 

Operating  and  support  costs  for  baseline  and  proposed  system  are  based  on  deployment  of  1940  tank  systems  to 
Europe  according  to  the  above  plan. 


SUPPORT  CONCEPT 
1.  General 


Standard  4  level  (Org,  Direct. 
General  ar.d  Depot)  maintenance 
concept  defined  and  published 
Maintenance  Allocation  Chart  and 
including  lO^  of  available  crew 
marpo-er  expended  for  scheduled 
service  and  Inspections. 


Organizational  Maintenance:  Scheduled 
maintenance  ahall  be  conducted  by  the 
crew  and  organizational  mechanics. 

Vehicle  will  have  built-in  indicetcn  for 
fuel,  air  and  oil  filters  to  facilitate 
maintenance.  Unscheduled  maintenance 
will  be  limited  to  piece  part  or  component 
replacemenL  Design  is  to  allow  9IT*  of  vehicle 
malfunctions  to  be  detected  and  corrected 
at  tlus  level 

Direction  and  Cenerat  Support  .Maintenance: 
Maintenance  at  the  CS  level  or  the  venicle 
is  limited  to  end  item  repair  by  component 
replacement.  Ih  those  instances  where  diegncstic 
equipment  is  available,  repair  wiii  p*  authcrixed. 

At  the  GS  level,  components  and  anempl'es 
will  be  repaired  and  returned  to  stock. 


Skill  Re  quirments 


Automotive 

Weapon  Station  Jr  Fire 

Control 


Support  Equipment 

Automot  ve 

Weaoon  Station  i  Fire 

Control 


Low 

Moderate 


Simple 

Moderately  Complex 


4.  Contractor  Support 


£rp[0dUOtiC,n 


An  analysis,  comparing  the  UOS's  used  in 
the  reference  tank  system  and  those  required 
for  the  proposed  unk  system  indicates  no 
need  to  establish  new  MOS's  for  the  proposed 
tank  system.  The  same  MOS's  with  finsition.il 
training  can  qualify  personnel  to  operate 
and  maintain  the  proposed  system. 


Current  assessment  of  the  proposed  Tank 
System  design  indicates  a  reduction  in  the 
number  of  special  tools  vis  •  vis  these  required 
to  support  the  reference  tank  syttem.  The 
assessment  also  ind:cates  that  the  built  in 
test  points  will  reduce  the  requirement  for 
special  test  equipment.  A  design  requirement 
calls  for  the  elminatien  or  reduction  of  calibration 
requirements. 

Limited  contractor  support  will  be  toed 
during  initial  fielding  of  the  proposed  Tank 
System.  It  is  anticipated  the!  this  support 
will  not  be  required  after  one  year  of  fieidrd 
operations. 


•4-'. 


EXAMPLE  OF  A  MILESTONE  1  SYSTEM  PROGRAM 
DEFINITION  ST7TTE.MEN  f  ( SPDS )  F OR  COMBAT1  VEHICLES  iC>;.onued) 


REFERENCE  SYSTEM  PROPOSED  SYSTEM 


LOGISTIC  GOALS 
1.  System  Goels 


m. 

System  Reliability 

ISO  MMBF 

2*0  MMBF 

b. 

Mission  Relisbility 

212  MMBF 

DT/OT  n  272  MMBF 

e. 

Msintentnce  Redo 

1.6) 

DT/OT  Ill  320  MMBF 
1.2S 

d. 

Opcrstionel  Reefy 

0.94 

O.SS 

«. 

Rite 

Durability 

S.000  miles 

6,000  miles 

f. 

(overhaul  point) 

Average  org/di.-eet 

IS 

*5 

.TiiMcr.tjict  men 
per  setuiion 

Subsyjiem  Cods 

a.  Power  Package 

Rf  'lability 

1,000  MMBF 

1.600  M.MBF 

Durability 

4,000  MMTO 

4,000  MMTO 

Mean  Time  to  Repair 

4  hrs. 

2  hrs. 

b. 

fire  Control  System 

Reliability 

*00  MMBF 

1.200  MMBF 

Durability 

I.OCO  MMTO 

IS. 000  MMTO 

Mean  Time  to  Repair 

2  hrs. 

1.2  hrs. 

H&P7  available  to  DTIC  does  not 

»,5;  f  illy  kgibl.i  r  :ptodu-(ic»t 
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FORMULATING  THE  COST  ANALYSIS 
(pre-analysis  discussions) 


EXAMPLES  OF  DISCUSSION  TOPICS  BY  DEVELOPMENT  PHASE 
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LOGISTICS  GOALS 

•  RELIABILITY/MAINTAINABILITY  GOALS 


BASIC  OUTLINE  OF  A  SYSTEM  PROGRAM  DEFINITION 
STATEMENT  FOR  AIRCRAFT  SYSTEMS- 


A.  MISSION  PROFILE 
1.  Primary 
3.  Secondary 

■.  AIRCRAFT  CHARACTERISTICS 

1.  Performance  characteristic* 

].  Physical  characteristic* 

3.  Expected  operational  life 

4.  Crew  requirements 

C.  ACQUISITION  PROGRAM 

I.  Design-to-cost  goal 

3.  Number  of  Aircraft 

A  Deployed 
A  Training 
A  Pipeline 
d  Attrition 

3.  Production/Deployment  schedule 

4.  Contract  commitments  on  support  cost  control 

3.  Special  considerations  for  multi-national  application 

D.  DEPLOYMENT 

1.  Peacetime 

A  Number  of  CONUS/overseas  base* 

A  Number  and  types  of  deployable  units  per  base 
A  Number  of  aircraft  per  Training/Deployed  Units 
d  Flying  program  (Training/Deployed  Units) 

3.  Contingency/Wartime  Capability 

A  Number  of  CONUS/Overseas  base* 

A  Number  and  type  of  deployable  units  per  base 
A  Number  of  aircraft  per  Training/Deployed  Units 
d  Flying  program  (Training/Deployed  Units) 

E.  SUPPORT  CONCEPT 

1.  Initial  Support 

A  Organization  (Note:  For  Navy  and  Marine  Aircraft  indicate  land 
and  carrier  plans.) 

A  Location  of  initial  operational  unitfs) 

A  Use  of  contractor  support 

d  Parts  supply 

A  Initial  training 

3.  Mature  System  Support  -  For  Each  Echelon,  Generally  Described 

A  Organization  (Not*  :  For  Navy  and  Marine  Aircraft  indicate  land 
and  carrier  plane.) 

A  Functions  performed 

A  Method  of  performance 

d  Skill  requirements 

A  Support  equipment  requirements 

f.  Workload 

P.  LOGISTICS  GOALS 

1.  Weapon  System  Goals 
a  Serial  reliability 

A  Aircraft  mean  tima  to  repair 

A  Operational  ready  rata 

d  Number  of  organizational  and  Intermediate  maintenance  personnel 
per  wit 

3.  Subsystem  Goals 
A  Engines 

A  Avionics 

3.  Component  Goals 
A  Radar 

A  Inertial  Navigation  System 


FY  AM  Pi  F  flF  fl 

CONCEPT  VALIDATION  SYSTEM  PROGRAM  DEFINITION  STATEMENT 
~EOr  ADVANCED  LUSht  helicopters  “ 


Reference  Svtlem 

frooostd  Svittm 

MISSIONS 

1. 

Primary 

Reconnaissance,  Command  A 
Control,  Scout 

Scout 

3. 

Secondary 

Transportation 

Reconnaissance,  Command  A 
Control,  Transportation 

CHARACTERISTICS 

1. 

Performance 

a.  Maximum  Speed/Rangt/Enduraneo 

ISO  mph/200  Milcs/J  Hours 

ISO  mph/SSO  MUes/15  Noun 

X  Maximum  Rate  of  Climb* 

1,000  fL/min. 

3,000  fL/min. 

e.  Payload 

-  Sea  Level  Standard  Day* 

•  S.000  ru  ««oaf. 

4SS  ft. 

SO  X 

1,000  lb. 

TOO  lb. 

X  Minion  Equipment  Package  (HEP) 

Nona 

Target  Acquisition  and  Desig¬ 
nation  System; 

Pilot  Night  Vision  System 

X 

Configuration 

ft.  Airframe 

Aluminum; 

t  passenger,  1  crew;  skid  land- 
inggear 

Aluminum  end  Composite; 

3  pass.,  3  erew;  wheeled 
landing  gear 

X  Propulsion 

One- All  is  on  78JA-700  Turbo- 
shaft  Engine  with  SIT  SHF 

One  CE  T700  Modular  Turbo- 
shaJt  Engine  with  1538  SHP; 
common  to  UTTA5  A  AAH 

ft.  Rotors 

J-ITT*  Aluminum  D  spar; 
no  damping 

4-12'  Flbcrglam;  elastomeric 
bearings  damping 

X  Avionics 

Standard 

Standard;  Mission  Equipment 
Package  (MEP) 

x  Empty  Weight 

1.SS0  lb. 

4,000  lb.  including  850  Us.  MEP 

X 

Expected  Operational  Life 

•  years  (remsining) 

1$  years 

ACQUISITION  POUCT 

1. 

Deeign-to-Cost  Coal  (including  the 
allocation  of  coats  to  hardware  levels 
required  by  the  OAS  cost  analysis) 

None  (unit  cost  $140K) 

Sl.lM  prototype  aircraft; 

01.4M  cumulative  average  cost  at 
100th  production  unit 

L 

Number  of  Aircraft 

(normalised  to  $40  de¬ 
ployed  aircraft) 

X  Deployed 

$40 

$40 

X  Training 

40 

$0 

X  Pipeline 

0$ 

00 

X  Attrition 

S$ 

30 

X 

Preduct ion/Deploy men t  Schedule 

l*per  month  for  2  years,  then  10 
per  month  to  end  of  run 

f  par  year  Low  Rate  Initial 
Production  (LR1P)  lor  2  years, 
than  10  par  mn.  to  end  of  run 

4. 

Contract  Commitments  an 

Support  Cast  Control 

None 

RTr  being  considered 

X 

Special  Considerations  for 

Multi-Nat lonai  Application 

None 

None 

Dlffarmt  Conditions  Including  weight,  configuration,  and  altitude  from  other  stated  characteristics. 


EXAMPLE  OF  A 

CONCEPT  VALIDATION  i  SYSTEM  PROGRAM  DEFINITION  STATEMENT 
FOR  ADVANCED  LIGHT  HELICOPTERS  (Continued) 


Reference  System 


Proposed  System 


Dl  deployment 


1.  Number  of  Equipped  Unlu 


CON  US/Oversees 

40/14 

Average  Aircraft  per  Unit 

12 

12 

Plying  Hours  per  Month 

Peseetime/Contingency 

2S/30 

20/30 

E.  SUPPORT  CONCEPT 


General  Description 

Transitioning  to  3  level  (AVUM 

AVIM,  Depot)  maintenance  con¬ 
cept  defined  in  published  Mainte¬ 
nance  Allocation  Chart  including 

40%  of  orr-equipment  manpower 
espended  on  scheduled  inspec¬ 
tions.  Engine  tear  down  at  Depot 
anly. 

Standard  Army  3  level  (AVUM 
AVIM,  Depot)  concept,  greetly 
reduced  scheduled  inspections 
by  applying  orr-condition  mainte¬ 
nance  philosophy.  Engine  modules 
will  be  interchangeable  at  Inter¬ 
mediate  leveL 

Skill  Ret]  id  re  menu 

Low 

Moderate  (greater  than  for  the 
Reference  System) 

1.  Support  Equipment 
4.  Contractor  Support 


Simple  Complex  for  MEP 

None  Initial  field  end  depot  for  MEP 

end  engine.  RIW  items  (If  selected) 
for  four  years. 


P.  LOGISTIC  GOALS 

J.  Weapon  System  Goals 


m. 

System  Reliability 

1.S  MTBF 

2.S  MTBF 

Maintenance  Man  Hours 
par  Flight  Hour 

4.1 

4.0 

& 

Operational  Ready  Rata 

20% 

•0% 

A 

Average  Orgsnlzational/Intermcdiata 
Maintenance  Men  per  Company 

SO 

40 

2.  Subsystem  Goals 


A. 

Engines 

1) 

Flying  Hours  Between 

Overhauls 

TS0 

2) 

Mean  Flying  Hours  Between 

Failure  (MFHBF) 

44 

‘  J) 

'J- 

Time  Required  to  Change 

Engines 

4  hrs. 

fcb 

Avionics 

1) 

MFHBF 

311  hrs. 

2) 

Average  Organisational /Inter  mediate 
Maintenance  Mon  per  Company 

2 

Component  Goals 

a. 

Target  Acquisition  k  Designation 

System 

I) 

MFHBF 

N/A 

» 

Unit  Coat 

N/A 

R.  Pilot  Might  Vision  System 

M/A 
N/A 


2,000 

IDS 

2  tvs. 


100  hrs.  (includes  MEP) 


4 


200  hrs. 

■■  i 

S300K 

•  a 

M 

3S0  hrs. 

c\ 


"? 


II  MFHBP 
2)  Unit  Cost 


HOOK 


COMBAT  VEHICLE  SYSTEM  PROGRAM  DEFINITION  STATEMENT  (SPDS) 
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-  MATURE  SUPPORT 
LOGISTICS  GOALS 

-  RELIABILITY/MAINTAINABILITY  GOALS 
(BY  SYSTEM;  SUBSYSTEM;  COMPONENTS) 


AIRCRAFT  COST  ELEMENT  STRUCTURE 


100  Research  and  Development 
200  Investment 

201  System  Investment 

202  Support  Investment 

202.1  Support  Equipment 

202.2  Training  Equipment  end  Services 

202.3  Documentation 

202.4  Initial  Spares  and  Repair  Peru 

202.5  Sparc  Engines 

202.0  Facilities  (Non-production) 

202.2  War  Reserve  Materiel 

202.2.1  Spares 

202.2.2  Repair  Parts 

202.2.3  Munitions 

202.2.4  Missiles 

202.2.5  Sonobuoys 

202.2.0  Tanks,  Racks,  Adapters  &  Pylons 


300  Operating  and  Support 

301  Deployed  Unit  Operations 

301.1  Aircrews 

301.2  Command  Staff 

301.3  POL 

301.4  Security 

301.5  Other  Deployed  Manpower 
301.0  Personnel  Support 


302  Below  Depot  Maintenance 

302.1  Aircraft  Maintenance  Manpower 

302.2  Ordnance  Maintenance  Manpower 

302.3  Maintenance  Materiel 

302.4  Personnel  Support 

303  Installations  Support 

303.1  Base  Operating  Support 

303.2  Real  Property  Maintenance 
303.)  Personnel  Support 

304  Depot  Maintenance 

304.1  Manpower 

304.2  Materiel 


305  Depot  Supply 

305.1  Materiel  Distribution 

305.2  Materiel  Management 

305.3  Technical  Support 

300  Second  Destination  Transportation 


302  Personnel  Support  and  Training 

302.1  Individual  Training 

302.2  Health  Care 

301.3  Personnel  Activities 

301.4  Personnel  Support 


300  Sustaining  Investments 

300.1  Replenishment  Spares 

300.2  Modifications 

300.3  Replenishment  Ground  Support  Equipment 

300.4  Training  Ordnance  . 

300.4.1  Munitions 

300.4.2  Missiles 

300.4.3  Sonobuoys 
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THE  COSTS  OF  SUPPORT  EQUIPMENT  AND  FACILITIES  REQUIRED  FOR  DEPOT 
OP.  FLEET  SUPPORT  ARE  NOT  TO  BE  ALLOCATED  TO  DEPLOYABLE  UNITS. 


SUB-SET  #7 

LCCA  SPECIFIC  MEASUREMENT 
PROBLEMS  AND  TECHNIQUES 


COST  ESTIMATING  TECHNIQUES 


COST  ESTIMATING  TECHNIQUES 


ILLUSTRATION  OF  AN  ACCOUNTING  MODEL  EQUATION/STRUCTUR 


Equipment  traruportation  cott  may  abo  be  calculated  by  the  following: 

[unu  i  r  i  r  l 

2  t  I  Weight  I  a  I  l>btami|*l  i.  00013  per  lb-nil  I 
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RE-INTEGRATION  OF  COST  AND  PERFORMANCE 


YSTEM  COST 


Denotes  factors  most  commonly  utilized  in  cost  models 


Denotes  factors  most  commonly  utilized  in  cost  models 


RELATING  COST  DRIVING  FACTORS  TO  COST  ELEMENTS 


source:  Marks,  Massey,  Bradley,  RAND  report  r  -  2287,  October  1S7E 
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CALCULATION  OF  DIRECT  MANPOWER  UTILIZED  (CONT.) 

ALT.  .1  ALL-  .2,  UULi-L 
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UNCERTAIN  WARTIME  SUSTAINABILITY 
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SOURCES  OF  UNCERTAINTY 


SUBOPTIMIZATION  UNCERTAINTY 


TREATING  COST  UNCERTAINTY:  BASIC 

STRATEGIES 


POINT  ESTIMATES 


ESTIMATING  UNCERTAINTY 

DETERMINING  OUTPUT  UNCERTAINTY  AS  A  FUNCTION  OF  INPUT 

PARAMETER  UNCERTAINTIES 


COST  DISTRIBUTION  AND  PARAMETERS 


IS  THE  RANDOM  VARIABLE  REPRESENTING  COST 


RELATING  THE  COST  VALUES: 
L.M.CeANDH 


WHERE:  AND  THE  VARIANCE  (V): 


BASIC  CHARACTERISTICS  OF  THE  NORMAL 

DISTRIBUTION 


WHICH  IS  THE  SIMPLIFIED  RELATIONSHIP  WE  DESIRE 


GENERALIZED  BETA  APPROXIWAT I ON 
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A  SIMPLE  ILLUSTRATION  OF  THE  CENTRAL 

LIMIT  THEOREM 

A  COST  ELEMENT  REPRESENTED  BY  A  FAIR  DIE 
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TWO  COST  ELEMENTS  REPRESENTED  BY  TWO 

FAIR  DICE 


COMBINED  VALUES  OF  THE  TWO  DICE 


THREE  COST  ELEMENTS  REPRESENTED  BY 

THREE  FAIR  DICE 
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USING  THE  CENTRAL  LIMIT  THEOREM  ALLOWS  THE  USE  OF 
THE  PROPERTIES  OF  THE  NORMAL  DISTRIBUTION  FOR  THE 
AGGREGATE  CASE 
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FOR  EACH  PARAMETER,  IDENTIFY  THE  RANGE 
THAT  BOUNDS  ITS  LIKELY  VALUE 


DETERMINING  THE  'AGGREGATE*  COST-BENEFIT  UNCERTAINTY 


THEORY  OF  ERROR 
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MUMPER  OF  YEARS  OF  OPERATION 


REPLENISHMENT  SPARES  -  DEMAND  DRIVEN  UNCERTAINTY 
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REPLENISHMENT  SPARES  DEMAND 
DRIVEN  UNCERTAINTY 
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CASH  FLOW  ECONOMIC  ANALYSIS  -  OBJECTIVES 
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CONSEQUENCES  OF  DISCOUNTING 
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HYPOTHETIC  15  YEAR  LIFE  CYCLE  COST  IN  1973  DOLLARS 


FUEL  COST  VARIABILITY 
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(differential  escalation  rates) 
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CASH  FLOW  -  PRESENT  VALUE  ANALYSIS 


i  =  INTEREST  RATE  PER  PERIOD 

y  =  THE  #  OF  INTEREST  PERIODS 

P  =  THE  PRESENT  WORTH  OR  VALUE  TODAY 
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INTEREST  PERIODS  IN  THE  FUTURE 

A  *  A  UNIFORM  END  OF  PERIOD  SUM  OF  MONEY 
SUCH  AS  AN  ANNUAL  PAYMENT  AT  THE  END 
OF  THE  YEAR 
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THE  NEXT  STEP  IN  THE  ANAYLSIS  IS  TO  DISCOUNT  THE  INVESTMENT  COST  STREAMS  USING 
PRESENT  VALUE  FACTORS. 
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SUBSYSTEM  TRADEOFFS:  AVIONICS  SPARES  INVESTMENT 
COST  VERSUS  FAULT  DIAGNOSIS  ACCURACY,  RELIABILITY, 


METHODOLOGY  TO  COMPUTE  AVERAGE  NORS  VERSUS 
SPARES  AS  A  FUNCTION  OF  NUMBER  OF  MODULES 
RELIABILITY  AND  FAULT  DIAGNOSIS  ACCURACY 


SPARES  COST  VERSUS  AVERAGE  NORS:  EQUAL  MIX  OF 
PERFECT  AND  RANDOM  DIAGNOSIS 


AVERAGE  NUMBER  (PERCENT)  OF  NORS  AIRCRAFT 
DUE  TO  AVIONICS  SYSTEM 


SPARES  COST  VERSUS  AVERAGE  NORSj 
PERFECT  DIAGNOSIS 


EXAMPLE:  RADAR  SYSTEM  DESIGN 
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11  MODULES  15  MODULES  74  MODULES 


RESOURCE  DISTRIBUTION 
OF  DIFFERENT  MODULARITY 


c/>  </>  c/>  c/>  c/> 

in  Lij  LiJ  ill  in 

_J  _J  _J  _l 

a  o  B  Q  Q 

o  o  O  O  O 

S  55  5  5 

"T  io  n  co  in 


(/)  bJ 
Ui  -J 

D 

2  o 

g  o 

i  s 

1  2 


I  I 
I  I 
l  I 


u.  uj  b 

ogo 

^  DQ  U 

2  Si  ft 
a  h  5 

SzS 

—  <o 


llJWODULES.  15  MODULES  74  MODULES 


SUMMARY  -  MODULARITY 


t—  O 


O  I— 
CO  <t 


LU  O 
>  CO 


CQ  LU 
O  I— 

<c 
co  set 


LU  DC 

o_  rs 

X  _J 


>-  <c 

LU  •_ 

<C  cc 


<c 

Q  U_ 


•—  CO 
CQ  LU 


3  I —  OO 

<->  «a:  <c 

u  s:  lu 


DC 

O 

s u- 

<  s 


Q  LU 


CL.  <C 


§e 


o  oc 

LU 


LU  «C 
C£  _J 
LU  LU 

z:  oc 


LD  2= 

<C  O  CO 
CyO  I— 
O  Q£  OO 
LU  O 
U_  D_  LU 


CQ 

£ 

X 

LU 

_u 

—I 

LL. 

CQ 

z 

<c 

LD 

_u 

LU 

CO 

oc 

LU 

Q 

LU 

CO 

> 

OC 

< 

LU 

H— 

CQ 

♦— 

LU 

LD 

«r 

LU 

O 

LU 

l 

CQ 

CQ 

LU 

Cl 

LD 

CO 

<C  LU 
—  LU 
H-  <E 


LU  Q_ 


O  Q£ 
Q_ 


M 


LOWER  SPARES  INVESTMENT 


CRITERIA  FOR  EVALUATING 


>- 

h 


LU 


co 

< 


ot  2 
<  00  < 


LU  < 


i 


IMPROVED  SYSTEM  MISSION  COST-EFFECTIVENESS 
THROUGH  SUBSYSTEM  RELIABILITY,  AVAILABILITY  AND  COST 

TRADEOFFS  BY: 


=>  . 
OW 
lii  LU 
DC  > 

— .  UJ 


CO  00 

<o 
—I  z 

o  ui 

Z  Q 
x  to 

CO  < 

d  Q 

CD  ui 


CO  I- 

Ul  to 


UI  K 

S2 

cS 

5  o 
*0 
o< 

CO  - 
_J  CO 

<  to 

Og 

°o 

£tr 
O  Q. 


UJ 

£  < 
^  > 

uj  o 

a  z 


tE  >-< 

di  rH  J 


j  tO  2 
~  UI  UJ 
CD  f—  h- 

<  .to 

uj «  5> 

go? 

—  if*  u 

fez° 

<  to  < 
>  UJ  z 
ujOq. 


JO  . 
O  to 

O  UJ 

UjO 

tl 

oo 


ui  o 

L.  y  U. 


-*  a 
z  ui 
O  ui 


OO  CD  uj 


CL  UJ 


d  Q 

>i 

uj  2 


CD  tO 

O  >• 
2  co 

CL  UI 


o  o 

Z  UJ 

tO* 
to  3 

UJ  H” 

toco 
to  O 

<  0l 


20 

i| 

1“ 

O  UI 

"2  u 


cr  j— 

o  co 

®0»J 

goz 

2i_UJ 

Hcos 
Jr  ui  ui 
S2t  > 

!g  UJ  2 

ME 

iff: 

||| 

£  O  13 

S  K  UJ 
2  CL  cr 


ESTIMATING  THE  COST  OF  SYSTEM  DOWNTIME  RESULTIN  G  FROM  LOW 
RELIABILITY.  ^ 


DEFINITIONS 


SYSTEM  DUTY  CYCLE:  THE  RATIO  OF  ACTUAL  OPERATING  TIME  TO 
THE  TOTAL  TIME  THE  SYSTEM  IS  IN  A  OPERABLE  CONDITION 


ILLUSTRATION  OF  COST  VERSUS  MTBF  RESULTING  IN 
DIFFERENT  PROBABILITIES  OF  MISSION  SUCCESS 


MTBF  (HOURS) 


ILLUSTRATION  OF  COST  VERSUS  MTBF  WITH 
EQUAL  PROBABILITY  OF  MISSION  SUCCESS 


RELIABILITY 


CC  H- 


-J 

LU 

LU 

t—i 

CO 

DC 

CQ 

<x 

ZD 

_J 

3 

0 

a 

« 

»_< 

CC 

DC 

CO 

«t 

=3 

1— i 

U_ 

CO 

> 

CL 

=> 

LU 

<r 

O 

y 

z 

O 

LU 

LU 

LU 

►“ 

1— 

DC 

LU 

> 

CO 

£ 

LU 

►— 

5 

0 

0 

VO 

CO 

a~ 

LU 

>- 

O 

1— 

LU 

LU 

CQ 

»— 

f- 

LU 

CO 

h- 

H- 

»— « 

LU 

>- 

•— < 

CO 

CO 

LU 

_i 

Z1 

LU 

<0 

z 

>- 

>- 

y 

•—1 

~Xr 

LU 

S3 

CO 

CO 

•— 1 

CQ 

O 

LU 

1— 

•a; 

CQ 

y 

O 

LU 

LU 

LU 

LU 

O 

O 

•— * 

H 

H- 

<r 

<c 

<C 

CO 

CO 

CO 

• 

• 

LU 

> 

LU 

>- 

0 

>- 

O 

O 

s: 

<E 

SI 

CO 

<_> 

CO 

11 

II 

II 

II 

II 

II 

II 

It 

LU 

oa 

•— 

i— 

<t 

i 

LU 

0 

0 

ZD 

Z 

cp 


>-  CO 

— 1  >-  \ 

u-  W  J 

DC  LL  f 

lu  o  r 

r i  — V- 

H-  O-  o) 

to  => 

o  o  -j 

u  c  l! 

o  r 

j— 

DC  U_ 

O  O 


CO  Z 
II  II 


s  — J  co  cp 


PERCENT  OF  REPORTED  FAILURES 
CAUSING  ABORTS 


(O  O  O  O  O  O 


999999  9 

6^  H  o  Ifl  N  00  00  © 


IO  IA  0)  N  m  00 


o  o 

•  • 

2  9 

©  in 
oi  o 


uj  ^ 


h  in  o  in  m  n 

O  (O  H  M  9  Ifi 
•  ••••• 

eg  H  H  H  O  H 


00  © 

o  o 
•  • 

o  o 


©  u  o  < 

g  CD  «  <  S  S  3 

w  f  |ft  H  H  H 

5c  U-  u.  u_  u.  u.  u. 

o 


goo 

S  CM  CM 

w  m  in 
S  m  cq 


B-52H  0.10  1 .0-0.0 

B-58A  0.33  1. 8-0.0 


PERCENT  OF  REPORTED  FAILURES 
CAUSING  ABORTS  (CONT) 


tfi 

5 

UJ 

h 

CO 

>- 

to 

m 

to  ^ 
u. 

O 

Hi 

O 


o  o  9  9  9 

6  699S 
T  in  oo  o 


o  rs 

•  • 

tO  rH 


co 


o  o 

•  • 


rv 

o  9  -!  q 

6  9  9  2 

1  N  S  O 
"  (O  O 

00  o  cm 


u  ^ 

U) 


ro  ot  oo  to  co 

cm  in  o  co  Ch 

•  •  •  •  • 

*H  o  o  o  o 


n  00  Q  VO 

«  c  5  h 

•  •  •  • 

CM  O  CM  r* 


O 

CD  UJ  lO  < 
mown 
cm  ro  < 

^  H  ^ 

•  t  W  •  i 

O  O  UJ  o  o 


o: 

H 


q: 

uj 


oo  <  <  oo 
(O  CM  to  to 

•  •  I  • 

h-  LU  <  0- 


o 


ALLOWING  FOR: 


2  (TOT,  +  TMRT,) 


DISTRIBUTION  OF  CD  TO  SUBSYSTEMS 


PRINCIPAL  METHODS  OF  ACHIEVING  RELIABILITY 


THE  DUANE  MODEL  OF  RELIAB 


TIME  (HOURS) 


COST  OF  ACHIEVING  RELIABILITY  MODEL 


O 

+ 


z 

o 

h 

O 

3 

1- 

O 

fc  5 

o 

oc 

J  S  . 

m  ^  co 

— £ 

H  2  ° 

£  CL 

z  o 

uj  a: 

+ 

H-  Q. 

A  A 

o. 

U 


+  + 


tu 

O 


c o  a. 

Ixi  o 
O  -i 
.  UJ 


oc 

O 


II 


c/> 

O 


DESIGN  IMPROVEMENT 
PARTS  IMPROVEMENT 
QUALITY  CONTROL 
IMPROVEMENT 


MTBF  (1  —  or)  K  Vor  (C,)  +  P2  C2  +  lP3  C3  +  C4)  N-G  MTBF  (1—  a)  K 


ILLUSTRATION  OF  COST  OF  ACHIEVING  RELIABILITY 


Ci=$75/HOUR 
Coes+NpCp =$125,000 


SUBSYSTEM  MTBF 


FLOWCHART  OF  RELIABILITY/COST 
MODEL  SOLUTION  PROCEDURE 


(Cu  ♦  SL_)  (N-M)G 


COST  VERSUS  RELIABILITY 
SYSTEM  DOWNTIME  EXCLUDED 


SUBSYSTEM  MTBF  (HOURS) 


ILLUSTRATION  OF 
OPTIMUM  SOLUTION  PROCEDURE 


OPTIMUM  OPTIMUM  OPTIMUM 

MTBF  SYSTEM  MTBF1  MTBF  2 


RELIABILITY  -  COST  CASE  STUDIES  (CONT) 


'THIS  IS  REALLY  MFHBMA,  AND  DOES  NOT  REPRESENT  CRITICAL  FAILURE  TIMES 


F-4C  CASE  STUDY 


*THIS  IS  REALLY  MFHBMA,  AND  DOES  NOT  REPRESENT  CRITICAL  FAILURE  TIME 


SAVINGS  POTENTIAL  WITH  FUNDING  CONSTRAINTS 


INVESTMENT  ( MILLIONS  OF  DOLLARS) 


YEARS  REMAINING 


SAVINGS  SENSITIVITY  TO  LIFE  AND  CRITICALITY 

F-4C 


YEARS  REMAINING 


F-4C  MAINTENANCE  COST 


SYSTEM  MTBF  (HOURS) 


AN/APQ-120  SAVINGS  ALTERNATIVES 


YEARS  REMAINING 


SUBSYSTEM  CASE  STUDY 


II  * 

UJ  II 

tr  t/> 

3  UJ 

u. 

-J  DC 

o 

<  =9 

DC 

u_  sd 

CC  < 

{/)  ui  “■ 

S 

e 

_  0.  U- 

Z>  o 
o5h 
x  o 

ii  gs 

U.  CE 
CD  UJ  < 
I-  >  UJ 

S  <  >■ 


c/) 

LU 


< 

D 

DC 

O 

z 


u. 

§ 

UJ 

d: 

oc 


ro  DC 


z 

h> 

CC 

to 

2 

z 

UJ 

K- 

X 

UJ 

• 

< 

H 

^9 

-  8?£ 
9 

5  x  z 

BJ  Sa. 


i 


V_VL>^ 


MODEL  EXTENSIONS 


DESIGN  REDUNDANCY 


THE  DEFENSE  MATERIEL  SYSTEMS  LIFE  CYCLE  COST  MODEL* 

INTRODUCTION 

The  Defense  Materiel  Systems  Life  Cycle  Cost  Model  is  the  fifth  in 
s  series  of  engineering  cost  models  developed  in  response  to  s  Marine 
Corps  requirement  for  a  life  cycle  cost  model  which  could  be  used  in 
joint  Service  programs  to  insure  that  Marine  Corp6  as  well  as  the 
developing  Service's  life  cycle  costs  would  be  considered*  The  Army 
subsequently  identified  a  similar  requirement  and  has  participated 
actively  in  its  development  for  the  last  several  years.  The  current 
model  reflects  continuing  design  participation  by  users  from  all  Serv¬ 
ices  and  industry  to  develop  a  model  which  is  equally  appropriate  and 
convenient  for  all  analysts  and  decision  makers  who  must  prepare  or  use 
life  cycle  cost  estimates. 

The  model'*  basic  structure  is  derived  from  the  197B  TRI-TAC  Life 
Cycle  Cost  Model  expanded  for  use  on  all  seven  major  types  of  Defense 
materiel  systems:  surface  vehicle,  electronic,  aircraft,  ship,  missile, 
ordnance  and  space. 

The  report  structure  satisfies  the  requirements  of  DoDI  5000.2, 
Major  Systems  Acquisitions  Procedures,  the  DoD  Cost  Analysis  Improvement 
Group  (CA1G),  Department  of  the  Army  11  series  Pamphlets  and  the  Fiscal 
Director  of  the  Marine  Corps.  The  cost  reports,  with  supporting  docu¬ 
mentation,  are  appropriate  for  presentation  to  all  Services'  system 
acquisition  review  councils  and  the  DSARC. 

This  paper  describes  the  analytical  environment  which  the  model  is 
designed  to  support;  the  data  bases  used  by  the  model;  user  experiences 
with  the  model  and  management  of  the  model.  Enclosure  (1)  contains  a 
summary  of  model  Inputs  and  outputs. 

*  Developed  and  owned  by  Strategic  Financial  Planning  Systems, 


UNDERSTANDING  THE  PROBLEM 


In  the  late  196Qb,  rapidly  Increasing  coats  for  new  weapon  systems 
gave  Impetus  to  the  use  of  procurement  cost  as  a  design  parameter 
comparable  In  Importance  to  performance  and  schedule.  Concerns  about 
controlling  acquisition  costs  gave  rise  to  design-to-cost  and 
design-to-unit-production-cost  as  DoD  management  tools.  The  Services 
soon  recognised  that  concentration  on  acquisition  costs  without  regard 
to  ownership  costs  was  leading  to  suboptimisation  at  the  expense  of  the 
user.  The  Services  have  since  been  attempting  to  Incorporate  life  cycle 
costs  as  a  design  parameter,  with  varying  degrees  of  success. 

Life  cycle  costing  Is  the  systematic,  analytical  process  of  de¬ 
termining  and  listing  the  total  cost  of  developing,  producing,  owning, 
operating,  supporting,  and  disposing  of  materiel  or  weapons  systems. 

This  process  must  begin  as  early  as  possible  (preferably  during 
concept  exploration  and  no  later  than  the  demonstration  and  validation 
phase)  since  the  opportunity  to  minimize  the  cost  of  ownership  dimin¬ 
ishes  rapidly  as  the  design  and  development  of  a  weapons  system  proceeds 
through  the  acquisition  cycle.  It  has  been  estimated  that  up  to  75Z  of 
the  life  cycle  cost  Is  determined  very  early  In  the  full  scale  develop¬ 
ment  phase. 

DoD  Directive  5000.1  directs  all  military  departments  to  achieve 
the  most  cost-effective  balance  between  acquisition  and  ownership  costs 
and  system  effectiveness,  and  to  consider  affordability  at  every  mile¬ 
stone.  DoD  Instruction  5000.2  defines  affordability  as  the  ability  of 
the  Service  to  provide  adequate  resources  to  acquire  and  operate  new 
systems.  These  directives.  In  conjunction  with  0MB  Circular  A-109,  make 
It  clear  that  the  decision  to  procure  a  new  weapon  system,  no  matter  how 
desirable,  shall  be  dependent  upon  the  Government's  ability  to  fund  both 
the  procurement  and  the  operation  of  the  system. 


Developmental  systems  compete  for  limited  resources  at  all  deci¬ 
sion  levels  starting  with  sponsors  and  proceeding  through  the  budget 
process  to  Congress.  Affordability  issues  are  closely  examined  many 
times  in  the  developmental  cycle  of  a  system  —  both  in  terms  of  the 
system’s  cost  for  various  configurations,  capabilities,  uses  and  main¬ 
tenance  concepts,  and  in  terms  of  the  system  as  one  of  many  systems 
vying  for  Service,  DoD  and  Congressional  budget  dollars.  At  any  given 
point  in  time,  expected  costs  for  all  currently  proposed  systems  far 
exceed  expected  funding  levels. 

The  decision  environment  surrounding  the  system  acqulstion  process 
is  exceedingly  complex.  Accordingly,  decisions  are  strongly  Influenced 
by  the  confidence  each  participant  has  in  the  available  decision  infor¬ 
mation,  especially  performance  and  economic  data.  A  major  objective  of 
life  cycle  costing  is  to  provide  decision  makers  at  all  levels  with 
sufficient  economic  information  to  determine,  within  the  bounds  set  by 
affordability,  both  the  most  cost-effective  configuration  for  individual 
weapon  systems  and  the  most  cost-effective  mix  of  existing  and  proposed 
weapon  systems. 

The  development  and  presentation  of  comparable  costs  for  all  pro¬ 
posed  systems  is  vital  if  informed  acquisition  decisions  are  to  be  made 
by  the  Services,  DoD  and  Congress.  As  a  minimum,  cost  estimates  must  be 
based  on  similar  cost  structures.  Both  cost  estimates  and  the  deriva¬ 
tion  of  those  cost  estimates  must  be  subject  to  review  and  agreement  by 
those  responsible  for  the  acquisition  decisions. 

The  preparation  of  life  cycle  cost  estimates  is  a  complex  process. 
Analysts  assigned  to  a  myriad  of  organizational  entities  in  both  Govern¬ 
ment  and  industry  develop  portions  of  each  estimate,  often  Independently 
and,  in  may  Instances,  without  full  appreciation  of  the  estimate  as  a 
whole.  Elements  beyond  the  control  of  any  one  participant  in  the  proc¬ 
ess  Influence  other  parts  of  the  estimate  as  well  as  the  total  estimate 


(e.g.,  schedule,  operational  use,  manning  levels,  skill  levels,  mainte¬ 
nance  concepts).  No  single  cost  estimating  methodology  (e.g.,  paramet¬ 
ric,  price,  analogy)  is  universally  appropriate  for  developing  any  of 
the  individual  costs  which  makes  up  the  total  life  cycle  cost  picture. 

In  this  context,  analysts  are  expected  to  define  the  resources  required 
to  develop,  produce  and  successfully  operate  systems  which,  in  many 
cases,  have  no  comparable  analog  in  the  current  state  of  either  engi¬ 
neering  or  organizational  art. 

This  environment  presents  the  model  developer  with  a  dilemma:  to 
create  a  model  which  is  simple  to  use  and  at  the  same  time  flexible 
enough  to  deal  with  the  wide  range  of  analytical  requirements  which  vary 
over  time  and  between  systems  and  which  depend  upon  the  unpredictable 
availability  of  decision  relevant  data.  The  Defense  Materiel  Systems 
Life  Cycle  Cost  Model  attacks  this  problem  in  the  following  ways: 

1 .  Divide  and  Conquer 

The  model  allows  program  managers  to  divide  the  cost  problem 
into  well  defined  and  logically  bounded  parts  that  can  be  assigned  to 
appropriately  skilled  analysts  belonging  to  other  organizational  enti¬ 
tles.  For  example,  engineers  can  concentrate  on  estimating  design  and 
produdblllty  resource  requirements,  as  well  as  reliability  and  main¬ 
tainability  objectives;  managers  on  such  Issues  as  schedule  and  cash 
flow;  proponents  on  operational  use  and  manning  requirements;  and 
logisticians  on  level  of  repair,  training,  repalrability  and  supply 
support.  This  lets  Individual  analysts  concentrate  on  the  subsets  of 
each  life  cycle  cost  data  set  which  fall  within  their  area  of  expertise 
while  the  model  keeps  track  of  Interdependencies  with  inputs  made  by 
other  analysts. 

2.  Provide  Structure,  Hot  Method 

The  Defense  Materiel  Systems  Life  Cycle  Cost  Model  provides  a 
structure  for  cost  analysis  which  accommodates  simple  and  complex  sys¬ 
tems  developed  in  simple  or  complex  management  environments.  As  noted 
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OUTPUTS 


The  analyst  can  select  any  or  all  of  the  following  reports: 

o  Budget  reports  by  appropriation,  life  cycle  phase  and  year 
o  R&D  costs  (hardware  and  software) 

-  Government 

-  Contractor 

o  Production  costs  (hardware/software) 

-  Government  (recurring  and  non-recurring) 

-  Contractor  (recurring  and  non-recurring) 

o  Unit  production  costs 
o  Operations  and  maintenance  costs 
o  Material  consumption  costs 
o  Energy  consumption  costs 
o  Operator/crew  costs 
o  Operational  transportation  costs 

o  Software  maintenance  costs  (maintenance  &  diagnostic  software  and 
operational  software) 

o  Equipment  maintenance  costs 

-  Facilities 

-  Spares 

-  Repair  parts  by  level  of  maintenance  &  WBS  class 

-  Personnel 

-  Transportation 

o  Supply  personnel  and  facility  coBts 
o  Personnel  support  costs 
o  Life  cycle  cost  by  phase  by  year 

o  Comparison  of  Inflated  vs  constant  dollars  by  phase  &  year 
o  Number  of  annual  failures  for  each  UBS  item 
o  Number  of  maintenance  manhours  by  level  for  each  UBS  Item 
o  Excesses  and  shortfalls  for  the  projected  maintenance  T/0 
o  Material  consumption  by  class  of  supply 
o  Report  of  cost  elements  which  differ  between  any  two  runs 
o  Analyst  created  footnotes  for  each  report 
o  GFE  data  base  to  Include  cost  and  maintenance  concept 
o  Mission  profile  data  base  for  all  major  type  force  units 
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o  Optimal  stock  levels. 

o  Logistics  Analysis  Support  Records  (LSARs). 
o  Cost  uncertainty  analysis, 
o  DTUPC  tracking, 
o  Minimum  input  mask. 

o  Historical  cost  data  base  with  CER  generator, 
o  CER  submodels. 


INPUTS 


The  following  Is  a  summary  of  the  input  classes  which  can  be  used 
with  the  model.  The  user  can  elect  to  use  any  or  all  of  these  Inputs, 
but  generally  only  a  subset  is  required  for  any  one  program. 

o  R&D  activity  costs,  schedule  and  spending  rates 
o  Production  activity  costs,  schedule  and  spending  rates 
o  MBS  item  costs  and  descriptions  to  any  level  of  Indenture 
o  Deployment  scenarios 

o  Up  to  25  different  tables  of  organization/equipoent 

o  Maintenance  scenarios  down  to  the  piece  part  level  for  each  table 
of  organization/equipment  from  operator  to  depot  level 

o  Manpower  requirements  (grade,  MOS,  Service,  numbers) 

-  R&D  and  production  activities 

-  Operators /crew 

-  Indirect  command  personnel 

-  Organizational  maintenance 

-  Intermediate  malntenance/DSU  maintenance  (including  contact 

teams) 

-  GSU  maintenance  (including  contact  teams) 

-  Software  maintenance  (maintenance  and  operational 

software) 

o  Manufacturer's  manpower  cost  structure  (optional) 

o  Transportation  (operations,  maintenance) 

o  Inflation  (DoD,  Service  specific,  and  Bureau  of  Labor 
Statistics  (BLS)  commodity  deflators) 

o  Facilities 

-  R&D,  Industrial,  Test 

-  Operational 

-  Maintenance 

-  Sof  tware 

-  Supply 

o  Free  text  comments  for  each  life  cycle  phase  (optional) 


Enclosure  (1) 


control,  intelligence,  tracked  and  wheeled  vehicle,  chemical  and  ord¬ 
nance  systems  for  the  Army,  Marine  Corps  and  the  Air  Force.  Analysts 
from  Government,  prime  contractor,  subcontractor  and  support  contractor 
organizations  are  active  users.  It  has  been  used  for  baseline  and  Inde¬ 
pendent  cost  estimates  during  concept  formulation,  full  scale  develop¬ 
ment,  in  support  of  the  production  decision  and  for  post-production 
product  Improvement  programs. 

As  a  result  of  Intensive  use  by  a  variety  of  subscribers  with 
different  perspectives,  a  number  of  improvements  have  been  made  to  make 
the  model  more  user  friendly  and  easier  to  understand.  These  changes 
were  designed  to  enable  analysts  to  focus  on  the  cost  analysis  problem 
and  not  on  the  model  Itself. 

User  feedback  has  emphasized  the  following  advantages  of  the 

model: 

o  The  model  has  lead  to  Increased  dialogue  between  Government  and 
contractor  personnel  to  clearly  define  Government  controlled  cost 
drivers  associated  with  operations  and  maintenance  and  thus  providing 
realistic  parameters  for  system  design  trades. 

o  Because  the  model  is  well  defined  and  easy  to  use,  analysts 
have  been  able  to  devote  proportionally  more  of  their  time  to  developing 
and  refining  their  cost  estimates. 

o  Electronic  transfer  of  data  between  users  has  allowed  analysts 
at  different  sites  to  share  current  estimates  and  to  develop  joint 
poaitions  prior  to  submitting  final  reports. 

o  Prime  contractors  have  used  the  model  for  proposal  preparation 
to  make  preliminary  estimates  of  the  most  cost-effective  mix  of  avail¬ 
able  hardware  choices  and  to  insure  that  cost  estimates  include  all  of 
the  items  to  be  charged  to  the  program. 

o  The  Government  has  used  the  model  to  advise  contractors  of 
baseline  hardware  configurations  and  maintenance  concepts  for  initial 
trade  studies  and  for  use  In  follow-on  proposals. 


o  Large  data  bases  can  be  created  quickly  by  combining  existing 
data  bases  and  by  using  the  copy  functions  available  in  the  editors. 

o  Both  Government  and  contractor  analysts  have  used  the  model  for 
level  of  repair  studies. 

o  Final  study  reports  can  be  prepared  quickly  and  can  easily  be 
modified  since  the  model  can  produce  the  reports  In  the  required  format, 
this  Includes  the  data  bases  as  well  as  the  cost  reports. 

o  The  budget  reports  produced  by  the  model  have  been  used  to 
create  the  O&M  wedge  in  the  outyears  to  Insure  that  sufficient  O&M 
dollars  are  available  to  the  new  system. 

o  Average  analysts  take  about  2-4  days  to  become  proficient  in 
using  the  model. 

TRAINING 


A  three-day  course  is  available  to  subscribers  to  train  a  cadre  of 
analysts.  This  course  Is  tailored  to  the  skill  level  of  the  new  users 
and  covers  the  the  basics  of  life  cycle  costing,  the  model,  setting  up 
terminals  at  the  user's  site  and  defining  a  preliminary  data  base  for 
one  of  the  users  current  systems. 

FUTURE  DEVELOPMENTS 


The  life  cycle  cost  data  base  Is  similar  to,  and.  In  many  cases, 
Identical  to  that  required  for  the  Logistics  Analysis  Support  Record, 
Level  of  Repair  Analyses,  Project  Status  Reporting  and  PERT/CPM.  Having 
separate  programs  and  data  bases  for  each  of  these  major  analytical  and 
management  control  techniques  can  complicate  the  management  of  major 
systems  and  is  not  cost-effective.  Enhancements  which  have  been  pro¬ 
posed  to  take  advantage  of  these  data  redundancies  include: 

o  Level  of  Repair  Analysis  (LORA)  to  include  least  cost  (optimal) 
level  of  repair  paths  for  each  end  Item. 


telephone  line.  By  creating  a  job  control  file,  the  aodel  may  also  be 
run  In  background,  reducing  processing  costs  by  502.  Only  a  printing 
terminal  with  a  modem  la  required  to  use  the  model.  1200  baud  terminals 
are  preferable  to  reduce  run  times  and  to  minimize  charges. 

SECURITY 


All  users  are  assigned  password-protected  user  numbers.  All 
user-created  files  may  be  password-protected  by  the  user.  Except  by 
special  permission,  files  may  only  be  accessed  by  using  the  same  user 
number  which  was  used  to  create  thf  file.  No  user  has  access  to  another 
user's  files  except  by  special  permission  of  the  owning  user  for 
purposes  of  transferring  data  electronically.  All  files  are  backed  up 
to  tape  dally,  weekly  and  monthly.  System  personnel  cannot  access 
password-protected  files.  Data  files  are  stored  in  binary  code  so  that 
they  cannot  be  listed  except  by  the  model. 

RESPONSIVENESS 


Complex  systems  can  be  entered  in  8  to  12  hours.  The  model  Is 
Interactive  and  the  normal  compute  time  Is  7  to  20  seconds.  The  model 
may  be  run  In  either  Interactive  or  batch  modes.  Batch  processing 
reduces  the  costs  for  system  resources  by  approximately  50K. 

REFERENCE  DOCUMENTATION 


Documentation  Includes  a  Data  Collection  Workbook  and  Operating 
Instructions.  The  Data  Collection  Workbook  defines  each  cost  element, 
cost  factor  and  equation  to  simplify  and  organize  the  data  collection 
effort,  to  minimize  errors  due  to  double  counting  or  misunderstanding 
and  to  facilitate  the  preparation  of  comparable  estimates.  The  Operat¬ 
ing  Instructions  present  a  tutorial  discussion  and  overview  of  the  model 


using  annotated  runs  of  an  actual  terminal  session. 


T 


T 


UPDATES  TO  MODEL  DATA  BASES 


Personnel  costs,  training  costs  and  DoD  deflators  are  available  to 
all  users  in  data  bases  maintained  with  Government  data.  Inflation 
Indices  are  updated  every  six  months  and  the  personnel  data  bases  are 
updated  annually. 

CONFIGURATION  MANAGEMENT 


The  model  Is  written  in  FORTRAN.  The  same  copy  of  the  compiled 
model  Is  shared  by  all  users.  No  user  can  make  changes  to  the  model 
itself.  User  reported  errors  are  Investigated  and  corrected  upon 
verification.  Users  are  advised  by  electronic  mall  through  their  user 
numbers  of  all  changes  which  could  impact  on  their  results.  Change 
pages  to  reference  documentation  are  forwarded  to  all  users. 

Major  revisions  to  the  model  are  released  as  new  versions  after 
extensive  testing  and  verification.  A  configuration  control  board 
reviews  all  proposed  changes  to  the  model  or  the  Government  data  base. 

INTERFACES  TO  OTHER  MODELS 


Interface  programs  can  be  developed  for  users  who  desire  to  use 
their  own  software  to  predict  cost  elements  used  by  the  mooel.  These 
are  particularly  useful  for  users  who  have  regression-based  equations  to 
predict  hardware  costs  or  who  have  bill-of-material  data  bases.  The 
Interface  programs  are  written  in  FORTRAN  and  may  be  run  In  background 
or  Interactively,  depending  upon  the  user's  needs.  Interface  programs 
can  be  provided  to  users  so  that  they  can  modify  them  to  suit  their  own 
needs . 

USER  EXPERIENCE 


Various  versions  of  the  model  have  been  in  use  since  1979.  It 


has  been  used  to  cost  a  wide  variety  of  cornminlcations,  command  and 


Inflation 


The  Inflation  data  bast  contains  paaaword-protactad  DoD  deflators 
for  BAS,  Production,  OAM,  Other  Procurement,  M1LC0N  and  Military  Person¬ 
nel  budget  categories.  Program-specific  deflatora  nay  be  optionally 
entered  and  used  for  each  of  these  cstegorles.  Analysts  aay  also  enter 
Bureau  of  Labor  Statistics  (BLS)  or  other  deflators  for  equipaent 
furnished  under  contract.  VBS  lteas  nay  be  entered  in  different  year 
dollars.  (This  is  especially  useful  for  GFE  which  is  often  reported  in 
a  variety  of  year  dollars.)  The  aodel  uses  the  Inflation  rate  tables  to 
noraallxe  all  input  costs  to  the  systen  base  year.  Reports  aay  be 
produced  in  constant  and  current  (Inflated)  dollars  using  this  data 
base. 


Personnel 

Personnel  are  entered  as  Tables  of  Organization  (T/Os)  classified 
by  Service,  grade,  MOS,  job  function  and  number.  T/Os  aay  be  entered 
for  each  phase  of  the  life  cycle:  BAD,  Production,  Operations  and  Main¬ 
tenance.  The  model  calculates  sanhour  demand  for  up  to  21  different 
functional  areas  and  converts  these  to  billet  costs  using  both  DoD  and 
Service  billet  coat  tables  for  DoD  personnel  (military  and  civilian)  and 
manufacturer's  pay  scales  for  contractor  personnel.  Personnel  aay  be 
dedicated  to  the  systen  (l.e.,  fully  charged  regardless  of  deaand)  or 
shared  (l.e.,  only  charged  for  work  demanded  by  the  aodel).  Multiple 
Services  aay  be  entered.  The  analyst  aay  allocate  subsets  of  the  T/0  to 
operate  or  aalntaln  specific  equipment  subsystems.  There  is  no  limit  to 
the  number  of  T/Oe  or  personnel  who  aay  be  entered. 

Training 

Both  course  cost  and  training  track  data  bases  aay  be  created  by 
the  analyst.  Costs  for  the  training  track  aay  be  substituted  for  MOS 
training  costs  in  the  model's  data  bases  for  selected  lines  in  the  T/0. 
Costs  for  selected  formal  Service  schools  are  Included  in  the  model's 
data  bases.  Analysts  aay  create  training  tracks  which  are  a  combination 
of  current  Service  schools,  civilian  schools  and  proposed  Service 
schools.  On-the-job  training  is  normally  not  charged  to  the  system. 


EDITORS 


Powerful  editors  ere  provided  which  allow  the  analyst  to  create 
new  records  by  copying  selected  parts  of  existing  records  or  to  quickly 
and  easily  change  data  ltcas  in  existing  records*  These  editors  allow 
the  analyst  to  take  advantage  of  the  redundancies  found  in  any  life 
cycle  coet  data  base  (e.g.,  coaaon  ealntenance  profiles)  to  reduce  the 
aaount  of  data  which  Bust  be  entered  through  a  ternlnal*  The  editors 
also  aake  it  a  relatively  easy  task  to  create  a  new  systea  by  copying 
aelected  parte  of  existing  data  bases,  assembling  these  parts  into  a  new 
data  base  and  then  asking  appropriate  revlslone  to  reflect  those  factors 
which  distinguish  the  new  systea  froa  the  existing  systea.  These  editors 
also  perfora  prellainary  quality  control  checks  on  data  as  it  is 
entered. 

SENSITIVITY 


The  aodel  is  sensitive  to  equlpaent  design,  aanufacturlng  aethods, 
reliability  and  aslntalnablllty,  operational  uae,  aalntenance  profile, 
aanpower  requirements  and  schedule.  The  aodel  can  be  used  to  predict 
both  cost  eleaent  and  Ufa  cycle  cost  implications  of  changes  in: 

o  Manufacturing  technology 
o  Design  (hardware/ software) 
o  Operational  use 
o  Maintenance  philosophy 
o  Manpower  requirements 
o  Training  requirements 
o  Schedule  (SAD,  production,  deployaent) 
o  POM/ bud get  requirements 

ACCESS 


The  Defense  Materiel  Systems  Life  Cycle  Cost  Model  is  Interactive 
and  is  available  to  users  worldwide  through  TELENET,  TYMNET  and  leased 


above,  the  model  allows  tba  program  manager  total  freedom  to  select 
those  costs  which  should  be  Included  in  any  given  estimate.  The  model 
allows  the  analyst  the  same  freedom  to  pick  a  mixture  of  cost  estimating 
methodologies  most  appropriate  to  the  analysis,  schedule  and  available 
data:  parametric,  analogy,  engineering,  expert  opinion  or  market  price. 
There  are  several  major  advantages  to  this  approach: 

o  Independent  estimates  can  be  made  using  the  same  set  of 
assumptions,  thus  allowing  analysts  to  focus  on  estimating  methods 
rather  than  on  structure. 

o  The  analyst  is  not  forced  to  use  dated  or  inappropriate 
parametric  cost  estimating  relationships  (CERs)  or  procedures. 

o  Data  entry  is  simplified  since  only  data  required  for  the 

analysis  is  required.  Dummy  data  to  make  an  inappropriate  CEE  work  is 

* 

not  required. 

o  Competitive  sensitive  methodologies  (Government  or  indus¬ 
try)  are  protected. 

o  The  most  relevant  cost  estimating  methodology  can  be 
selected  for  each  estimate  over  time  allowing  the  analyst  to  use  a 
mixture  of  high  and  low  resolution  estimating  procedures. 

o  Model  maintenance  costs  are  minimized. 

o  The  model  can  be  used  for  any  type  of  system  during  all 
phases  of  its  developmental  cycle  to  include  product  improvement 
programs. 

o  The  model  is  easy  to  use  since  the  cost  estimating  method¬ 
ology  is  selected  by  the  analyst,  not  the  model. 

o  The  model  does  not  require  re-valldatlon  before  each  new 
application  since  it  is  not  a  parametric  cost  model. 

3.  Fit  the  Level  of  Detail  to  the  Decision  Requirement 

The  decisions  which  use  life  cycle  cost  es tastes  are  as  dis¬ 
parate  as  they  are  complex.  For  example,  engineering  trades  generally 


require  a  focused  level  of  detail  which  la  sensitive  to  the  variables 
being  examined.  Program  management  decisions  are  generally  concerned 
with  broader,  less  detailed  estimates. 


The  modal  allows  analysts  to  select  the  amount  and  level  of 
reporting  detail  which  best  fits  their  own  decision  space.  This  recog¬ 
nizes  that  decision  aids  should  aid  decision  makers  and  not  add  to  the 
problem  with  unneeded  data. 

A.  Produce  Comparable  Results 

Since  the  model  treats  all  classes  of  materiel  systems  from 
tanks  to  ships  comparably,  the  results  of  the  analyses  conducted  by 
different  program  managers  can  also  be  used  to  make  trade-offs  between 
competing  weapon  systems  at  the  Service,  DoD  and  Congressional  decision 
levels. 

MODEL  DATA  BASES 


The  analyst  has  complete  control  over  the  contents  of  all  data 
bases  except  the  files  which  contain  OSD  Inflation  rates  and  manpower 
cost  factors  such  as  pay  and  allowances,  base  operating  support, 
medical,  and  retirement  liability  which  are  set  by  the  Individual 
Services.  Each  of  the  model's  data  bases  Is  discussed  briefly  in  the 
following  paragraphs. 

System:  (BAD,  Production) 

System  level  costs  address  such  areas  as  program  management,  sys¬ 
tem  test  and  evaluation,  data,  facilities  and  training  during  R&D  and 
production.  These  costs  may  be  entered  In  detail  or  at  summary  levels, 
depending  upon  the  availability  of  data.  Government  and  contractor 
efforts  are  Identified  separately. 


System:  (Operations,  Assumptions) 

The  operations  data  base  la  used  to  develop  spate*  costs  for  maln- 
tenanee  and  operational  transportation,  facilities  (operational,  nainte- 
nance  and  supply),  software  support  (operational  and  maintenance  and 
diagnostic  software),  contract  support  requirements  and  technical  data 
revisions,  da  assumptions  data  base  Is  provided  for  factors  which  apply 
to  all  end  ltena  In  the  systea  such  as  years  of  operation,  nanpower 
productivity,  supply  pipeline  tines  and  transportation  costs  by  node. 

Hardware/Sof  tware 

This  data  base  la  the  key  to  the  versatility  of  the  aodel  since 
the  systea/coanodlty  peculiar  data  la  resident  In  this  file. 

Hardware  and  software  ltena  are  classified  according  to  the  proj¬ 
ect  sunnary  work  breakdown  structures  (WBS)  In  MXL-STD  881A  and  the  DA 
11  series  paaphlets.  The  hardware/software  work  breakdown  structure 
data  base  nay  be  created  at  any  level  of  detail  down  to  the  piece  parts 
used  In  the  system.  This  data  base  provides  Information  essential  to 
judging  cost  realism  for  HAD  and  Production  efforts  as  well  as  operating 
and  support  costs.  The  nodel  accepts  activity  costs  or  level  of  effort 
estimates  for  labor  by  type  (e.g.,  engineering,  manufacturing  and  man¬ 
agement),  tooling,  and  material  (e.g.,  raw  material,  purchased  parts  and 
government  furnished  equipment  (GFE))  needed  to  design,  develop  and 
build  prototype,  pre-production  and  production  end  Items. 

There  Is  no  limit  to  the  size  of  the  Hardware/Software  data  base. 

Learning  Curves 

Separate  learning  rates  nay  be  specified  for  each  item  and  differ¬ 
ent  learning  rates  may  be  used  for  labor  and  material.  The  model  com¬ 
putes  the  effect  of  learning  based  on  lot  else,  production  schedule  and 
production  history.  Both  cummulatlve-average  and  unit  cost  theory  may 
be  used  for  different  end  Items  and  subassemblies. 


Maintenance /Operational  Profiles 

Each  ltea  in  the  hardvare/aof tware  data  base  may  be  assigned  a 
unique  or  common  maintenance  profile.  The  model  can  be  used  to  refine 
maintenance  concepts  for  end  items,  secondary  reparables  and  discardable 
items  using  any  mix  of  the  maintenance  concepts  employed  by  the  Serv¬ 
ices.  For  complex  systems  or  systems  Integrated  into  other  systems,  the 
items  being  costed  frequently  have  a  variety  of  operational  and  mainte¬ 
nance  profiles  which  are  a  function  of  the  type  command  and  Service. 

The  model  allows  the  analyst  to  separately  describe  each  of  the  opera¬ 
tional  and  maintenance  profiles  applicable  to  each  end  item  and  its 
components.  This  allows  analysts  to  conduct  trade  studies  which  are 
sensitive  to  the  entire  range  of  operational  and  maintenance  profiles 
applicable  to  the  system  and  not  some  average  pseudo  profile  created  for 
analytical  purposes. 


Supply 

The  model  calculates  demands  for  major  classes  of  supply  based  on 
the  operational  scenario:  repair  parts,  POL,  ammunition,  electricity  and 
all  other  supply  items  applicable  to  the  system.  The  demand  curve 
created  by  the  schedule  builds  up  supply  system  requirements  sb  the  sys¬ 
tem  is  deployed  to  using  units. 

Schedule 

The  schedule  data  base  is  used  to  determine  cash  flow  requirements 
from  Milestone  0  to  disposal.  This  data  base  is  also  used  to  build  up 
the  operational  equipment  density  tsble  to  Insure  accurate  projections 
for  O&M  costs  during  equipment  phase-in  and  phase-out,  as  well  as  for 
scheduling  depot  overhauls.  Production  schedules  are  entered  separately 
for  each  lot;  this  allows  inflation  factors  to  be  applied  to  each  pro¬ 
duction  run  to  Insure  that  changes  in  schedule  and  individual  Service 
procurements  are  properly  costed  when  presented  in  current-year  (inflat¬ 
ed)  dollars. 


4005.16  (D) 


Diminishing  Manufacturing  Sources  and 
Material  Shortages  ( DMSMS ) 


4100.15 

(D) 

Commercial  or  Indus trial-Type  Activities 

4151.16 

(D) 

DOD  Equipment  Maintenance  Program 

4210.1 

Department  of  Defense  Coded  List  of  Materials 

4210.7 

Controlled  Materials  Requirements 

4210.8 

Department  of  Defense  Bills  of  Materials 

4410.3 

Policies  and  Procedures  for  the  DOD  Master 
Urgency  List  (MUL) 

4410.4 

(D) 

Military  Production  Urgencies  System 

5160.54 

(D) 

Industrial  Facilities  Protection  Program  - 
DOD  Key  Facilities  List 

5220.5 

(D) 

Industrial  Dispersal 

PRODUCTION , 

QUALITY 

ASSURANCE,  TEST  AND  EVALUATION 

4155.1 

(D) 

Quality  Program 

4200.15 

Manufacturing  Technology  Program 

5000.3 

(D) 

Test  and  Evaluation 

5000.34 

(D) 

Defense  Production  Management 

5000.38 

(D) 

Production  Readiness  Reviews 

5010.20 

(D) 

Work  Breakdown  Structures  for  Defense 

Material  Items 

5160.65 

(D) 

Single  Manager  Assignment  for  Conventional 
Ammunition 

RESOURCE  MANAGEMENT 

7000.1 

(D) 

Resource  Management  Systems  of  the 

Department  of  Defense 

7000.2 

Performance  Measurement  for  Selected 
Acquisitions 

7000.3 


Selected  Acquisition  Reports  (SAP) 


7000.10 

Contract  Cost  Performance,  Funds  Status 

and  Cost/Schedule  Status  Reports  ~~ : 

7000.11 

^  • 

Contractor  Cost  Data  Reporting  (CCDR) 

7041.3 

Economic  Analysis  and  Program  Evaluation 
for  Resource  Management 

7045.7 

The  Planning,  Programming  and  Budgeting 

System 

7200.4 

<D) 

Full  Funding  for  DOD  Procurement  Programs 

TECHNICAL 

MANAGEMENT  - 

GENERAL 

1130.2 

(D) 

Management  and  Control  of  Engineering  and  * 

Technical  Services 

4630.5 

(D) 

Compatibility  and  Commonality  of  Equipment 
for  Technical  Command  and  Control,  and 
Communications  "  ^ 

5010.12 

Management  of  Technical  Data 

5010.19 

(D) 

Configuration  Management 

5100.30 

(D) 

Worldwide  Military  Command  and  Control 

Systems  (WWMCCS) 

5100.36 

(D) 

Department  of  Defense  Technical  Information  \> 

5100.38 

Defense  Documentation  Center  for  Scientific 
and  Technical  Information  (DDC) 

5100.45 

Centers  for  Analysis  of  Scientific  and 
Technical  Information 

5200.20 

(D) 

Distribution  Statements  on  Technical  Documen.  - 

5200.21 

Dissemination  of  DOD  Technical  Information  -r. 

7720.13 

Research  and  Technology  Work  Unit  Information’ 
System 

7720.16 

Research  and  Development  Planning  Summary 
(DD  Form  1634)  for  Research  and  Development 
Program  Planning  Review 

TECHNICAL 

MANAGEMENT  - 

DESIGN  PARAMETERS 

3224.1 

(D) 

Engineering  for  Transportability 

4100.14 

Packaging  of  Material 

4120.3 

<D) 

Defense  Standardization  and  Specification 
Program 

4120.11 

(D) 

Standardization  of  Mobile  Electric  Power 
Generating  Sources 

4120.18 

<D) 

Metric  System  of  Measurement 

4120.19 

Department  of  Defense  Parts  Control  System 

4120.20 

Development  and  Use  of  Non-Government 
Specifications  and  Standards 

4120.21 

(D) 

Specifications  and  Standards  Application 

4140.43 

(D) 

Department  of  Defense  Liquid  Hydrocarbon 

Fuel  Policy  for  Equipment  Design,  Operation, 
and  Logistic  Support 

4151.1 

(D) 

Use  of  Contractor  and  Government  Resources 
for  Maintenance  of  Material 

4151.9 

Technical  Manual  (TM)  Management 

4151.11 

Policy  Governing  Contracting  for  Equipment 
Maintenance  Support 

4151.12 

Policies  Governing  Maintenance  Engineering 
within  the  Department  of  Defense 

4500.37 

Ownership  and  Use  of  Containers  for  Surface 
Transportation  and  Configuration  of  Shelters/ 
Special-Purpose  Vans 

4500.41 

Transportation  Container  Adaptation  and 
Systems  Development  Management 

C-4600.3 

(D) 

Electric,  Counter-Counter  Measures  (ECCM) 
Policy  (U) 

4630.5 

(D) 

Compatability  and  Commonality  of  Equipment 
for  Tactical  Command  and  Control  and 
Communications 

5000.28 

(D) 

Design- to-Cost 

5000. 36 

System  Safety  Engineering  and  Management 

5000.37 

Acquisition  and  Distribution  of  Commercial 
Products 

5100.50  (D) 


Protection  and  Enhancement  of  Environmental 
Quality 


